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Arn/ Air Forcen, Air iMhaioal Service Con.v>nd 

AVAIYBIS x.n> CVJUAJLV 07 IATA QETAI/ET BY SIX LAüSATOHIES oi? 

rjsuvAPCi loss rao:: JTJH TA.TS vase» SI'-XIAOD TIKI::? 

2,<- Charloa 8.  Stcie,   3ol Poker, end 
Oornld V. 3nglert 

HMOST 

D: t-i on f-;el-v!"-nr loao from fuel t-ir.'.rn d-'rlr.g elmulated f? lfjht 
obtait.ed by el", laooratsrieo "vere pnalyzod to Bhovr the effecte of 
r..i.l.Tlc,-j.-l yp.ritibloB euah QB altitude,   i:.itiel fiel teaperature« 
rat« of ellmh,  c«ortor-;iuaio apltatiors!  fuel devth,  fucl-irurfaee 
ww,  tjixes of fill,   ojid vejit-lln« jrcMU.ro drei. oj. fuol-vuror lops. 
Fron this uelyalli  the follcwir.; aoaalualoni were renchod: 

1. rual-vr.ror lonaee during flight vere ftjnraolable (;! Tjoreent) 
for fll'hta  to altitude! M lev "fl 20,COO fo»t with an  Initial fuel 
te.Ti.er-ture of 120' 7.    F'jr B fli.^it ecr»oioti:ie of a elLr.b to a 
35,000-foot altitude with thio rltltude Bftlntain-d for ß houre and 
vith tho "aooBter purr> in operation,  loaaea of HO oercer.t could be 
obtained with A.J-F-;-T. fuel at «.-.. Initial tor^eraturo of 120'1 T. 

2. "joat of the fuel-w;;or loi,n oeourrod d rl •<» the cliiub oor- 
tlo-.. of the fllfiht with ralatiroly lltUo lone (-.-ring the rooalndar 
cf the flight nt oonstant altitude v:'-.en \v> Tioieter j.'-jir;? vaa used. 

3. Hi« fualr-vraor 1-ee incroneed 11«early vlth altitude bevord 
;-. oritieul altitude 'the Miojrotloul iUtitudo ut uhlsh fuoL»v.T.rcr 
loan begins), 

U.     a-.c critical altitude ! T.ercuBod vlth docrerard i:.itlal fuel 
teTx,er->turp. 

3. Oka fuol-vijior loea inoraaaed linearly with an 1 .ore-no in 
fuol taeperaturo a'jave approniaatal/ so0 r. 

S,    Bone ter-iniaip agitation marked!"  '.r.creaaod the fucl-va;. or 
1  u only during tho oonetant-ultitudo portl.n of the flight. 
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7.    Sate nt climb to a given altitude had little or no effect 
on the fuol-vapor loo» for rates of c'-irib from 500 to UOCO feet 
yor reimte. 

3.    luel depth had no offnet on fuel-v.ijor los-i for douth* 
varying fror. 1/3 foot to 2 feet.    The losaos due to foami :g,   surging! 
cr boilin *• >vor were not investigated. 

9. Voriotlons in fuol-nurfr.ce area had little or no effoct on 
fuel—nmor loos fir surface arooi varyin- from O.C3U square foot 
to 2.7 B'iuaro feet. 

10. Ye..t-line prosn-jra differential incroasec' with increased 
rato of ellnb sad,   at a constant rote of clinb, built up rapidly 
soon aft or the critical altitude had been reached.    Vher. a constar.t 
ruto of cli:ib u.-.o maintained!   the vent-line pressure ilifforontial 
tended to level off. 

The fuol-V«por loss fror.-, (in aircraft fuel tank during flight 
is controlled by flight v..ri- blip.  :•:.<' by fuol chnractorlstlcn.     Some 
of the banla 00  ce-U relating fuel characteristics to the    rublom 
of fuel—vapor loss have been i-.ivortigp.ted in co?.:"ietl m with 
nt'.idleo m-c'o on va-..or-loc!:i::r oC fujl oyp'.cms.     Tho chanfes in fuel 
characteristics during flight,   the e.'fect of weathering,  and the 
offeet of air dinsolvod In tho fuol o.i tho vapor-locking terdencios 
cf tho fuel,   M "foil   r.s a raothod of roAaoinc fuol-vu-or loss bv 
eooll;.g the fjel boi'oro fll-ht,  have benn diflcui-sod in ocvoral 
yrogroTs reports of tho (Vordln-ting   "..sonroh Council,    Tho f-ctore 
affoctlr.g fuel-vrpor io?n dlaousoad horoln lnoludo •Itltuda,  ini- 
tial fuel +9r..',or! turo,   rote of eli-;b,  boontor--.ii-.  agitation,   fuol 
dei th,  fuol-aurface aroa,   typos of fuol,  o.nt1. yoit-llne v-reoauro 
droi.. 

Data eovorir.• tho effect of these v rlablns or. f-.-ol-va-.or loss 
«ere obtained in I9U3 r:.d lj-'l1 by si.   labor-.torlos - Booing Aircraft 
Coma:]y,   '.'•eh Er.gJ ..oorinr Ooqpany,  Ohio State University leso-irch 
Ic jj.d-.ition,  Pisco Products Ooapanj», Pmtt & Whitney Aircraft,  and 
Oiomi.soii Prod-vets,   *no. - fir tho Arn;/ Air Jorcos,  Air Technical 
Service) SoBHsAt  and tho '."•-.-;/ "' •. art"-..:: t,  Buroau of Aeronautics« 
At tho roiuap.t of tho Army Air Toreen,   theso data vorc analyzed 
at the IIACA Cleveland laboratory during August r.nd So..touber of 
13ith. 
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APPARATUS A.'.'D TEST PRCCEDtniE 

The  apparatus used by eaoh of »he six laboratories is listed 
in table I for comparison,    Ir. general, the apparatus consisted of 
a fuel tank subjected to altitude nres&ures by a vacuum uump,  a 
means of neasixir.? suel loss durln,? the test,  and a r.eans of ecn- 
trolllni;   «id rieasurlnjr the  fuel tfT,iperntare3.    The simulated-flight 
control usually consistrd of a manually or automatically operated 
bleeu valve in tne line between the varuur punr and the  fuel tank 
for regulating the rate ot el lab and the altitude.    The altlt'ide 
praaaure »as measured by a nanenotor oonneoted to  tho cuter end of 
the vent line,  oy a manoaetar connected to the inside of the fuel 
tank, cr '..'..'..    Tin amount •>!  fuel-vapr>r loss  aaa found by .•neai'urin,; 
the char;,"? in fuel weirht of a iuel  tank rour.to 1 •;!• a balance, by 
naaauring the chance in fuel voluae irith a oalibratad rlass window 
in tho tank, or by condensinc tha escaping fuel vaj-cr and taking 
voluae aeaaureaanta of the condensate. 

A similar  taat procedure was followed by each of the six 
laboratories.    The J'jel was  first  neatfd to the dcrired initial 
fuel teaperature and tha fuel tank waa then avacuatad icjordLiij; to 
the dooir-.d flight rath.    Altituln-rrossure an i fual-tanparature 
readings aara recorded at definite tirr.e  intervals.    A sample of 
tl.a f'i'-l   wa3 taken at  the bei;innin,T and at  the end of each tc3t in 
-irier to measure Heil vapor ureosurss anl to ^utain A..'j.T.i:.  Jiotil- 
latii.'ii curves.    The | roceaure followed awl the simulated flights 
aonduotad by each of the  laboratories ar? presorted ii. tabln II. 

•» 

EVALUATION OK TEST PHOCEDUHE 

OenaraJ Sources cf Error 

In ordar to ovaluate properly tr.e  jata prasantad, the spvuraL 
possible 3o'ir?es rjf errr in thu t^r.t. procedure and the   lifferences 
between tha oonditiona thfet ray necur during actual flight arid 
those that may   >enr durlnr. simulated flicht si.-uld OP considered. 
These aoureaa of error ooaman to noat »f the tert Installations 
used u   ->ttair. the data Jn the  sir.  laboratories ar". dlaeusaed ir. the 
foUowir.r paragraphs, not. necessarily in the ardor of their relative 
in ".or tone because tr.at order in not kno'.wt. 

I. Air   Leaks ti rough the nea-is,   the  • •slds, and  the  fittinga of 
tho fu^i tank are tha a»st nerio'i:: posBlble aonrsae of error.   A 
relatively null air leak r.-:ar the bottom ;-f the  riel ta/ik V.JUIJ 
produce appreciable Ussc? at the higher simulated altitudes and 
tho loupes IWJIIII increase as i-he  duratioi   of tile   flicht   increased. 
Ir. all tests, "xc-.- t  those conduct' 1 by i.'ash, atmospheric pressure 

L 



NA:A Et Je. fUi'/ 

v.is on the outside of the fuel tar.k and altitude pressure  /ITS on 
the inside.    In most 1&35S it was rather difficult, if not iff.re33ible, 
to be cartain tr.at no le.k3 ivere present. 

2. In nrna of the tests, except thoaa or nduc'ed by Nanh and by 
Boeing (test 3-stup No.  2), was any atton.pt made to control th'  tem- 
perature of tto« air aurr^uniinc the fuel tit.k.    Although In ill 
easc-3  M:e fuel tank VKT.B insulated to  er-ne extent, any hMt tr.ir.3j.'er 
fro», the fuel to the outside air would affect t!.o test results. 
Iti the toat3 conducted by Nash, tha surrounding-air teaperaturi 
waa maintained at  ^'° Fi «iiereaa, during the teats conducted by 
Soeiri-:, the surrounding-air tenpsruture v.is maintained cs,u';l to the 
fuel ter.per.it a--. 

}.  Ir.  -.11 <jf the te3ta evjepi, tlnse conducted by Ohio Sf.te, 
th>- f toi. tONperaturo «r.3 irearui^d at a 3insle print in ths   l-.iel 
ta:.k,    I:i testa conducted «it!» mall quantities of fuci,   such as 
thoFe parfomad by Boeliift an LI& preliminary teat setun and on tc3t 
aetur '.io.  2 -.-.here 2  lltera of fuel were used, it in  entirely possible 
that  t:o   .vera.vv fuel terineratire vras measured.    With the larger 
c;j-u,title:i m   fuel (5 to jC I'll)  asoi by tV other laboratoriea, it 
is hii-hly iwpnb-uxe  tl-;it tue .iv-ripe t* perature of tne fuel through" 
out  tt." tni.K  at the  start of tfct   uat SOuld be measured at a single 
point unleM the fuel w.a agitated for  i loi*-  period of ti •••    In 
the teat» aonduoted by Ohio Sttte, the tlwraoeouplea mere l^jited 
6, 12, If!,  Hi, and JO  ii. :nr.J fron, the bottom  >f the   t.mk.    Thus an 
aecii'-.te oheok on the fu-.=j  temperature throughout the full depth >?f 
tr.o t irk vi'..i possible. 

Ji. The affeot ru  iur.l-v i.or  Loss of t!.u amount of air  dissolved 
ir. the |-130lino «a:; not Investigated by uny of the laboratories. 
This varl-ibla ruy hiv.- intr>iuen1 ao-.*- on or in U.c  r-oort^ I test 
result:* but  its magnitude einr.ot oo estiir.iit' .: beoiuse tHe effect of 
dissolved air in ruel-vaoor j„or; ir* u^t Knoth, 

5. Airplane altitude in usa-.liy considered to be iii-i pressure 
nltjtuio outside the airplane,  «t.ich is the same a? the pressure 
altitude outside ihe fuel-tank vent line.    Xu the cii..-:l<it3d Mights 
coniuetf-i by r.ost Di'   UW la joral ori.:3,  the '-reamr* altitude at  the 
en 1 of ti« vmt .' liw was cant rolled,    in the toots conducted by 
hv  ...,•  •.:. i r..-.   ! r-'.r.t,  <   Ä.itney, V-wv-r,  the Measured altitude   HH 
the ;.«säii>o altitude existing »ituiii the fuel tank ar.l therefore 
should differ fron th.it reajarod by tix other laboratories b.v   the 
ttfferenae between the    irss'ir^ rttb.in U.t  fuel tar.k and the pres- 
sure at '.i>e or I of the vr-nt .line. 
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Individual Sourcea of Error 

The individual aeurcee cf error rnd the di.~forer.cea between 
actuol-fll ''.t osudltiona and simulntod-flight conditions for tho 
teat ur~cod-.iroa of each of the six lr.boratoriea are :.n fo'.lovaJ 

Boeing Alrcr-ft  Cornrcn". - Throo tost lnotallr-tlena,   referred 
to am "liraliml-iar;- sotu-.," "teat aetup Bo. 1," and "toot aetup 
He«    '•'' v:ero used in the tost conducted bv Booing,     do teat 
roaulta obtainod vith tont sotuT. Vo, '•> vcro cenaiderod by I-ol*,- 
to  DO tho ... ?•'  reliable - nd the grouttat np. haote w:is placed en 
thoao reaulta. 

In the fuol-tcnracrln/* i.rocoac In tho preliminary aotup and 
notuvj -To. 2,  the fuel waa olectricr.llv heated.    During thir. heating 
process,  localized bnllir.g mi/rht poaaibly hnvo taken place and 
caused aoine fuel lcBa or warithoriag • rl'r to the sinulatod flight. 
Tho Booing re jort dooo not state vhotrer the cetera waa closed to 
tho atmosphere during the tcirocri. g irrcoan nor whether attcapte 
vore .-avda to aeaaura any fuel IOBO occurring durij:g thla prosese. 

The Bioinr report doea not etr.tP viv.thcr the weighing, aeolo 
uaod In t:-e v,roj lmlnary (iotu;i iiid aotjr-; iio.  2 van calibrated.    With 
tho vo:.t and the laniinnoter lino eonnaeted I'lrcetly to tho final:, 
tiii lneoTroot walght racnnuroaciit c:-ld      wiil/ >*«vo been obtained, 

i'aali *S- gliocrlr.g Cxr.yr.ry. - In tho tentB con'.uctod by "Tnah, 
the fuel MM breusht  to tho r.oair',11  tcmoi—turc by circulating it 
through :-n o: tonal hoat exchanger by a booitor *iunp.     T:.o iTaah 
report doea bot atato whethor tho ve. t  to tho ataoaj-hero wi cl"aed 
during thin toanerlag yrocoe or whether r-ji at trap: t "as made te 
measu-c 'ho loon,   if any,  during t'r.ia   leriod. 

All fuol aoaauronanta vcro mr.tio en • voVmo baala and h'd to 
bo corrootod t" ureaei.t  the data la lomn  ->f '.roi^it loss Of fuol. 
Involved li> the cmvor»'.-' uro ooHpaaaationa fT tho tcryernturo 
tad for tho oTjoelfic (sy-ivity of the ronal&ing fuel.    The method uaod 
if datoraininc tho Variation of antcifle ,-r».vity with • crcoi tego 
loua  "r net  •tatad. 

lie fuol-loca r.oaourcinontB wore lüadc during tho climb poriod. 
Tho f tol loas \r a ivlcil••.tod only nt 10 r-lnuton after tha end of 
tho Ollnb   i'.d <-t tho and of t':o tort,  although 4."ta <-orc tai:or. at 
dofi.ilto tloo Lntarvala throughout tho oonatant-vltituda portion 
of tho alaulatod niaht« 

'-hlo 3t-'o Unlvcraity Ssat arch Tundntlon.  - The data    rccntod 
by Ohio  s<.nto oho" that  tho Hold vapor prasaura of the roaollrio 

• 
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»»•narcfl before tho st-rt of tho tost« ntrloA from 5«3- to 6.M.2 
•>ound.i ; T oni-oro inch.    I^.-jru li   obtained fro,,, tent d'ta,   shown 
thnt • variation of Initial Hold VCJPOV oreneura bet»cen thoso linlto 
may C-.VBO a varirticn of as tujh ne 8 perco:.t In tho fuol-vayor loan. 
(The lrltl-.l Bold Taper   <reoauro of tost Vs.  2-120-B1 was S.C3 pounüs 
por snuaro l>.oii.    Inaonuch na this Initial Held vapor pressure was 
lover thou tho final Held v por oroasuro of this particular test, 
It waa conaluered to be e. typographlcr! error.} 

Tho II:I* vnior --ircasure of the fuel at tho start of tho toata 
decrousod with na Incrouno In tho Initial fuel t01.5erp.ture.    This 
docrer.so indicates that  *'-o fuel now he..-o boen weathered during the 
ho'itln.; »recess.     In co>n . e:\oca tho .T.T11:.C- ".-a stirred In the 
f'jol ta-.k to otiuellze the fuel tOWpOratttrO vlthlr. tho tank but  tho 
r.othO"  ef a' irrii.-: the gacollno la not stated.     S' Irrln-r of the 
faaoline r. ;,• •toethor tho fuel and effoet the fuol-vn»or Iocs, 
cspoelrlly If the taufe Is voi:tnd to the cutcldo atiooophura during 
this -roccos. 

Pesoo Products Cimnr.y. - Very littlo lnforantlon Is proscntod 
In tho POBO r:]-crt about  the teat procedure unod.    ?ron the 1>:- 
forration obtained dirlnr; a tdaohmo bonvorsatlon with ;>'x. R. B. 
"nllaco, project orglr.eer f?r thor.o touts,   It was concludod thr.t 
cano of tho    poi.aiblo rourcoa of orr<>r are "c followal 

1.    Tho ret'lo used (taring tho toota waa   iot calibrated.    With 
tho vort,   tho cw.t.omctor,   thr thcrwcoi^lo!  ijid tho b ^nter-^uinr? lines 
connected dlroctly to tho fuol tank,   It la poaalblo that an Incorrect 
'•••olcht me-.oircsi.-.nt could havo bee:; obtained. 

?.     The fuol wr'B hop.tod by circulating it  thrnu.-rh tho eolla of 
an ell bath naLitalr.od at a tc".ar-turo of !-pT.roxi.-"<-tolj' 150° P. 
Bosse 1( c >li/ 'd billir.» of tho fuel may hove occurred in tho "11 
bath bconnao the initial bollln« ;iclnt of tho fuol in bolow 150° T 
(r.onnall- botvocn 100 ' T rrjS. 1?08 f). 

5.    Sonc or the vr.por fanned during the tomoerl-^   rncoaa by 
loeellsod f .el Villa-: and agitation ya' hare oacaped through tho 
ve:.t llr.o li:ae:..ue'i '.a it -jao oven duriir t'tlo period.    The Poaeo 
royort doo3 not st-.to whether NB/ aonauronoata of possible fuol losa 
Curing t'-.ia period were :.r.do.    Vo chock en thia vosslble losn can 
> 3 aado bc.oauso  t':c l:iiti."l fuel aaonjle v-.i ror.ovtd boforo tho f'iol- 
to--.*,eri!'.; proesas. 

H.    Bio f.vcl toatparr.turo waa i.-.j-uu? i by ••. ain«lo thorooeottplo 
loe-.tod ai:(.ro:;i:!otoly li  innhon fron tho bottmi OOBtOT of tho taiikf 
which I'.ay v.ot hrvo vieiiaurod the truo i'.vor»co fuol toiuperivturo "ithin 
tho t"..'.:. 
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Altitude 

The effect of cltitudo on fuel-wpor los« la chowr. 1.-. Jlguro 3, 
ir. ''hich the fuel loss during the clli.b period hna been plotted OB 
P. fv.netlon of altitude with initial fv.el  temperatures of'6f°,   CO0, 
0O,J,  IPO3,   HO3,  nj.d 120" ?.    A rcr.rooontativo average has teen 
drawn for e-ich te.Tyeruture ^nd thece ourvce sre presented In flg- 
ura U,    In that* eurvea   .he date  ob*alnod by Poaeo vriod no  -ra-tly 
from the average if the dr.tn obtained by the other luboratorlos  that 
th.07 »c! iHaro.-rirdcd whei, the avarage curve MM drawn.     In flpuro It 
tho curve« for tho v;rio-is lnltir.1 fuel  tejueraturea follow the  3a;no 
general tront'.    E-'c'r eurvo ahova a nortlpiblc lcae up to an appro»» 
iaatc critical altitude (the theoretical altitude at which fuel-vapor 
lo«« begins) from which pelr.t tho fiol-v.-.por los« increases linearly 
with liioreaaod altitude.    The snail tri'.noltlon section -. r-c-.di-:- the 
linear portion of the curve nay be cauacd by tho prcsonce of ulr 
eithor in sotuticn within the fuel or O'JOVO thn fuel, which,   upon 
being romcv-O.,  cprrios with it so»e frei var-or.     The f:-.et  that the 
variation of fuol-va,jor loss with rltitudc    is a liiioar fur.etion Is 
.••rr. ly brought  out in figure Z,  in V'hlch datt1 are plotted frou a 
• oat oondaotad by Boolr.«; to an altitude if 5?,'00 frot. 

Innsnueh ao tho slopes of thj linear portion« of the curves of 
figuros :• and r> rre very not.rly equal,  tho following equation basrd 
on the average slopes of thoso curves,  nnglr.ctlng tho transition 
section -ihere the less 1« sw~ll,   cr.n ie cierivod ' • »ir>r3Xi:jr>ta the 
variation of fuel-vapor lesa with altitude during a uli-ib: 

1.B5 
(1) 

whore 

I 

Z 

fuel-vapor Ion«, percent 

altitude,   in 1000 foot 

critical altitude,   in 1000 fort 

Initial Fuel Som'ior-turo 

The !..- r'."d cf^oot th.-t initial fuol toiroerature has on fiol- 
vo7>or loss Is shown In flfrire l*.    Because  the vav,or ••re-sure of tho 
fuol i: cra.-on with tec leraturc,   tho critical 1 ltituf.o do-re-noo 
vith lreroaorc1 fuol temperature,    Tho critical altitudo can bo 
obtained by extending tho ll'-.ear   porti-n of the curve of f-.icl-vtwor 
loss .ilottod «;7>ino-. t-ltltudc to the point of xoro loss.    The 
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critical altitudes thu3 obtained fmm fig'iren 4 and 5 aro plotted 
as a function of tamner.'ituro in fijruro 6.    Tiis figure lnuioates 
that • Linear relation exists betw*.n tho initial fuel temperature 
and the critical altitude.    Thin relation for tiin fu°la used in 
theg.' t.st3 may bf> expressed by tha equation 

Zu • 59.li - 0.3? T (2) 

fixere   T   is tha initial fuel t.9iripr,ratur« in °F. 

Equation. (2) *ay be .'.nir.blned with cq:int".on (1; to rive a 
possible g-.noral equation lor to* fuels  isi 1 in these tests relating 
the fual-vapor lors durini; a clirb to   iltitud«.  with initial fuel 
temperatures between 6C° K ind l2oJ ft 

I * 0.37.T -   $ri.k 
1.65 •.i) 

It v..:.j t" necessary to obtain additional data to establish completely 
equation {,)) for future uae. 

The fuel-vapor los» at aoveral porio 13  Jurinr tha test (10 r.ln, 
1 l.r, and 8 hr after the and of ih* climb period) la plotted ir. fig» 
uro '/, «hich ahOM that fual"»apor loos tenda tu vary linearly Kith 
Initial fu-.J taaperaturca abjvt approximately 8o0 P after the end 
of the ol lr.b period oa noil '»0 during the sllrab period. 

I'atf ef üli:.ib 

.   * 

Tho effoot of rate of olinJo to a rlv.-n altitude on fuel-vapor 
los3 Is shorn in figure S.    Alth-wh all the iata areaentdd «ore 
•obtv.li.ed by So'Jnj',  Ihn r"3iilts  indicate '.hat. tho rat-.; Of clin.b to 
a riven altitude had Little  )r .TJ effect on fuol-v.por '•iss «dth 
rates of ell-.b varying iroir. SuG to 200u feat per minutr-.    The-Hash 
teat* also indieated that no tppresiable change in fuel-varor loss 
ooeurred »ith a change in tho rate oi ollmb fr-:m 20Cü to ijoou feet 
per j:.inut-i.   Tl.o .fata obtained hy Boeing aannot be directly compared 
with th"S-.: obtained ty the other laboratories beoauae the Raeing 
tests mire »nduoted with   .n initial fuel temperature of U0U F, 
**ra tin   taata o.'" the .ith >r laboratories «era sonduoted with 
initial fuel  temperatures of 120° F and lix.° F.    The' twe average 

•it initial fuel temperaturea of 
nb • 1 '(OuO foot per minute are 

also 3!.IV.TI in figure 1.    The curves obtained by He--iln.- fall vary 
nearly Midway between the other two c irv -a .«ith olmor.t t;i- same 
aharaoteriatioa and elope« alileh aeeoa to indicate that r-it.  of 
elircb lias little or no efX.-et o'i fuel-vapor lonu, evun up to a rate 

— --——•.      .    ••%... ••    Hfl     •      •»!•»••»       "J ....- . M 

fuel-va; >r curv J fror,  l'lgiu-t. t| -it in 
120   F and 1>J'J F with rat» s  :f   .•llrrib 

' 
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of clinl) of UOOü foet per minute Inareased rates of climb abovo 
•lOOO foot ;>rr minute may cause incrrased fuel loss If ourpinj. and 
foanlnc -.'.re encountered. 

Boest^r-rump Airituticn 

A aeries of cirväs aicwira fuel-vapor 1:13a as a function ol 
initial fuel temperature (fit.   >) similar to the series shm-in,- t!.< 
effect of initial fuel temperature on fuel-Viipor loss vri3 ~bt".irel 
with the I'uel airitated ant circulated by •; be.or-ter pump.    This 
Serie 0 of curv»3 an 1 the series obtained with the l'uei  unogitated 
are replotted in figure 10 for comparison.    This figure indicate« 
that the fuel-vapor IJSE both with and without agitation tends to 
be nearly equal it MM e:ii of tut   dirt:  rn-ric 1.    Figure 1Ü also 
indicates that, •• the Mit it progresses t-t c-instant altitude, the 
loaa with apitatod fuel bncjrfis increasingly greater than that with 
the unarltato.;  Fuel,    During the ollrib period, the hlf*h rate of 
fuel i'>iiü resulting  from the belling of the fuel is acoompanied by 
consider ible  agitation of the   fuel.    The aotion or the booster rump 
idds Litt'.e to the agitation already present or t> the   fuel loss 
durinr  the rolativ-.ly  shjrt cl!nt -«rii.. 1.    :v.rt'.,' the relatively 
Ion.: qui'-rce:.t const .nt-altitude nortion cf the simulated fli.-ht, 
however,  the additional  ios3 due-  \S   ooostor-r-ur.n arltatinn i.< 
readily evident. 

Fael LW'itl. 

Data obtclncJ by three  Lab ri'.'rias (Oio ütute, Thompson« -Jid 
llnsii) on the efi'cct of fuel   leoth on ruel-vapor loss  it 10 ndnut -a 
after 'h.- •nl of the ell-b to j'jt>JJ i'eot with an initial die! tem- 
perature of 120° F are pre« mted in  figure  LL.    Ti.ia fliwe  in.iic .tn3 
that, fuel depth ha:i no effect  on the fuel-vapor 1.133  i'jr fuel jent.'is 
varyin,- from l/> f -ot to V. feet,    Tha looses due *.o Bürgin, ,  Loaning, 
or boiling-over »hen the lael t.-.nK la tilleJ close to capacity were 
net Investigated, 

Fuel-Surface Area 

Hash, the only laboratory reporting testa on the affect ej 
fuel-surfaoe are-, on  fuel-vapor I0.3,  conducted similar  testa with 
two ruel tanks, one having   1 fuel-aurfaoe area of 1 square foot and 
the other a fuel-surface ar- a of  :.( squar • Fet.    Ilaeh ronorts  in 
average l'usl-vapor lojo of  16«7 ojrcint (averurre of four test.".) 
Jurinr a simulated flight with tho saaller tank an. *L.VI percent 
(average ,>f three teats) with the larger tank for the  some sir.ulflted 

i 
.- 

' 
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fllr*it.    Shear roaulta Boem to indicate that the vsrintion of eur- 
faco area has a negligible of foot on fuol-va;,or loss. 

IMDIO I l-adlc-iton thtt f-"ir of t'-.o cthor lr.brir-;tTlOB eond-ictcd 
teats in which Ui* fuol-surfaos areas voro noarly 0(j.ial (approxi- 
mately :!,7 «i ft); whereas Boeing ('-'ith  teat set'.:,, Ho.  ?) oonduotod 
tea*a  In '-ihlch the f;iol—surface area vc-s oxtrenoly anall  (nyproxl- 
twtoly 0.03't on. ft).    The f jol-vapnr-loaa corrlci!tio:i obtained a-KTig 
tho six labor- torlea In figures 3,  7,  and in indicates that  tho 
surfao* area  if tho f-.iol has llttlo,   if any,   offoot in fuel-Yapor 
loan.    I.in-.iffiotont o>.ta aro prosont-d for a noro ooiBprohanalv« 
analysis. 

Types of Tiel 

Several fuels were unod" by t.ho vi.rioua laboratories i:i tho tosts 
conducted to do*ermine tho fusl-Tnpor IOBB t'lrin^ slmlated flight. 
Booing and Pratt & ahltnoy (and,  although not Btatcd, probably 
Thoapoon rad Ihio State) used *H-J-23 fuel;  P:BC> uaeel iT7-octn:ia and 
65-oetiuio f wait  Mid ijieh usod AU-VV-Ii-77 ^> Asier.d.a-nt-3 fuel and 
Ai--7V-7-7ifl| Ai:.e.-.dn>o:it-5 fuol.     (8-0 1ablo I.) 

An i-.dletit'id in fiiriro 2.   tho f-iolo -jned h» ITvsh resulted l:i a 
Bll.-htly lover fuol-v.-.j or lor.s than those uoed by Ohio Stoto ».nd 
Ihornnson.    T'.:o loss  j-ider the ar»o ooftoitlonr for Peseo ia not 
>,lott?d In this rurvo bsoauso it was no large .''.a to preoluda the 
possibility  of >":;y ca'iso except ;»lr loR'mgo.      .1.   ;r- at  tho end of 
tho Paaco tsat for  the  saw end! tio-.j   \a thooc shewn i:i fir;-   2 vris 
38.!' verec-.t.)    In figure 7 tho f .•cl-va.or loBsca at povcr-i Initial 
fuel toxnoraturos for -oach of tho labor torlrs,   creo't. Boeing!  aro 
ecTpp.ri.c' and show no gor.oril trond.     Iisufficient  cvld-:;co is 
prnncr.tef. f~r a oopnprohonslve analysis. 

Prcanuro Drop In tho Vo.it Liv.e 

Tho vrooo-1/e dro-f, In tho fuol-tank vent lines is Important 
-lilrt     n     V  T»rt '• «•1 .".^     ft ! iV.l.f       +4»»1      Vina     +"t-.--n-     ••      »nntflnl     nn^tw'.    »V rotouro differ' itial lost than a sruclflnd svxxLaaa must 

) wall of tho fuel tank dirlug flight to 
>•»  thn anlf-sonllng pro* crtlon of tho fuel tank whan It is 

beeauBO 
bo maintained ".er^na tho wall of th 

po:ictiv.tod by (an fire. 

Bp.tn obtained by throe l'lunratorico (i>ah,   Thonr-sor,   and Booing) 
vu tho    ressurD drri. in ve. t llnjn durl'i • siB-ilntod-flir*:t toats 
.;ni'cr r.ovor-il fli-ht eonditiona arc vr'nentcd i.: fl.rjror. 1." and  13. 
Bosa-ise of the variations in olao and cji.flgurf tion of tho vont linos 

.- 

• 

' 
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used 1-. the v-irl-ia testa, the reavlto obtained from those laborrv- 
t.-rioo e-uir.ot b.: eoaiparod: the rcoultr- jbtalnad by each laboratory, 
hctroyir,  will bo '."...aausaad individually. 

'•'«•sh E i -lnoerlng Co-a-zanr. - Tho vont lino eei.slctci of 1C foct 
of l"-irish"-0'j+aldc-rti-U".otcr vont pipe imd w 'round in a larpo lojp 
;.rjund the fuel tank within th; altitude chamber.    The proas-ire drop 
in the voi.t line ••••.-< ii.o.asurcd by a differential uanomctor connected 
botveon the ir.nldo ef tho fuel taafc or.d a point -icar tho end ef the 
ve.it lino. 

Use Variation in ver.t-linc oros-.^ro differential-! di-rir.-; siio--- 
latte fli •;•*. for scvoi-al initial fuol torap iratiroi (shewn In 
tig, 12(a))  1» oirallar, viti. ti;e Initial proemiro differential 
occurring at tho initial j-ir.t ef p.-jpracia"-'.« fu-l-vapor lose 
(crobabl- cloaa ti 'he orltij-J. altitude).    T)v orOBeuro dlfferc- 
tlal trade to re-, eh a naxioua within a relativolv «"h.-rt tiii.c und 
the:: lrvola  off for tho ron--.ir.dor of thi oMrtb period.    Tho lcveilnj»- 
eff cHii be  oxpeotod b-cauec the rato •••? fuol-vnj.--r lot* with altl- 
tido In OOEOtant durinf this period jf tho ai:.vlated flicht aiid tho 
presn-:rc dlfferor.tlr.l firo'VJ; the vont lino la a function of tho 
volrht rate of flow through it. 

^-.o-n.seu Pr-duct-i.   Inc. - She vent    llr.c uoid in the teste 
OOn&uetod by Thonoorn eojiriated ef 10 fort "f l-iüeh-cjteldo-dlaaotor 
tubln." contalnlH,- three 90° bände r.:A »ado •;;•; of seven «loctloaa In 
all,  or-ch ooanootod bv flexible oouplli -;o.    !Bjc proeeuro dr?.; in tho 
voat Uno w.ie recorded an tho dlfforonee botvoan tho proeiuro In 
tho fuol tuiO: ar.d that In t'-o "altitude tr:k."    The ourrci  of proc- 
suro dm-, ns a funotloil "f altitude (fi(%  12(b))  are ef tho ea;.-o 
rcr.cral ahn  •:• ane!  n*".rt  at ap.rexiaatolv the e-,jiio altitude ae these 
ehown In tho IT-iah report (f!-;< 18(a)).    5"o rn -1-" inoroaee In proe- 
sure drop ovor th.- irooauro dro-.   reported bv "Iren la possibly duo 
ti tho  liicro-.eod ronlstnneo offorod by the bonds and OOuplln^e 1:: 
ihO  VOTit   1!     .-. 

3oci;^r Aircraft C—an*n.y. - The eurvoa pronoatod in fi.ruro 13 
••ere   ilottod fr'.m de.ta obtair.od oa toot net-'T) To. 1,   In which tho 
vent—,roo3uro droj during elsuli tod flight at  oovoral roteo ef climb 
»••is T.lottod ao ". f'J!.ction of altitude.    Che coi.pany ropcrt d->of- iirt 
stuto how tho prcaouro drop in the vont line vas   .!•-• n.-.roc".    It lo 
thorofcro uiovjaod that tho ,.;roJS'iro drop wae aeaeurod an the differ» 
ei.eo betwoen tho vreneuro in tho vaauojl trj>!- ard that in the Erlcu- 
L:o.ver flask.    Pron an inapectlon of t>o yhot ij-raph cf tho toet i:i- 
otallatl in,   tho vont lino appoars to bo •.bor.t 3 feet lci:f:   aid t.i 
eontala a 3/'R-lr.eh orlfiee eonncctod by oeetiors ef 1-lnch oelf- 
Faaling heoo to ii C"to valvo mnuntr.d Ott tho nltltudo taij..     Tiio 
ourve* sh->w th.t tho ^ronouro iroi" lr. the vort t-ibo at n givca 
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altitude increase» with an lncrenao In rate of climb. This condition 
la to bo oxpoctod bocauso tho rato of fuol-vupor lono lncroaaos with 
ir.croasnd rate of climb and tho ;:roBsure differor.tirl across tho 
vont lino in a function of tho woi~ht rato of flow through tho rant 
lino. Tho drop in prosBuro dlffcrontial with incrcaoo in altltudo 
boforo tho end of tho climb period, hoi-'Ovcr, was probably duo to 
tho fact that a constant rato jf cliab of 20C0 ijrii UOCO foot por 
minuto could not bo mrintainod. 

fc?a?rnl trnr.ds. - On tho buslo of tho data proBcntod from tho 
!".- nh, Boeing1, a-id '*;..i;:,:o.. 1..birrtoriua, nevord gonornl trondo ono 
bo noted.  Iho vcr.t-l.'nc pros*ui-o differential!  fl) lncroaoOB with 
ircroaood rr.to of climb; rr.d (2) lucro;TOB rabidly with incrcaood 
altituda at tho point at which '.pprcclr.blo fuel-vapor lens occurs 
and has a tondosicy to lcvol .--ff If a constant rato -f climb io 
maintainod. 

corcwsiffi's 

On tho br.sls of a comparison if tho data 'jrcsontvd by si\ 
laborat;rlos on '.he fuol-vr^or leno T"rom fuol tanlcn during simulated 
flif£it,  the following oonolualona ha.ro been roaehod! 

1.    J"ucl-vc-:-or lonacs during fli«»ht woro appreciable (3 poreor.t) 
for flirhtn to nitltudoa no low an 20,00^ f-ct with an Initial fuel 
tcmr-oraturc of l'?C' T.    Vor a ftlajit cor.sisting ef a climb to a 
3",0C0-foot rltltudo with thia oltitudo crlntalsod i"or 8 hours and 
"1th tho boontor pump in aporrtin:i,   loroon of X ."oreoiit oooM be 
obtained -Tith Ai:-T-2B fuol at an initial tomycriitui-e of 130° F. 

P.    Kost of tho fuol-vapor lona occurred during tho climb 
portion of tho flight with relatively little lorn during tho remain- 
dor ef tho flight at constant ait 11/'do when :." V .   r.t ir .-us . was uned. 

3.     Sho fuol-vapor l"so lneroaaod lii.carly with • ltltudc boyond 
a critical altitude. 

h.    Iho critical altitude lncroanod with docror.ood initial fuel 
taqpOraturo. 

5. "- ~ fuol-vapor leas incrcas'd lir.oarly with an incronoo 
in fuel tOarDoraturo a'jove approximately 80° ?. 

6. Biiptor-vunp agitation mr.rkcdly ir.croannd the fuol-vnj>or 
loas during the cinolai.t-altitud« pcrtion of the fli,;ht only. 

• 
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7.    Bate of climb to a pivon altitude had llttlo op no offset 
o-.i tlio fuel-vapor ICJO for    rate» of clinb fron 500 to liCOO fo:t 
por nlnuto. 

3a    2\iol dopth had no  offnot on fuol-vr.oor lunsi fcr depths 
Taljring fro« l/j. foot  to 2 feet.     Tho lonsrn dio ti i"o".inlngt   surging, 
or toillivyovcr •••ore r.ot investigated. 

fi. Variations in fuel-surf -or area hid llttlo *>r no effect en 
fuol-v.ir.ir lono for surfaeo r.rer.3 vnr.iw: frr>m O.O3U square feot to 
?.7 siv.".ro foot. 

1C.    Voi.t-line protsurc differential i!.e:-o:.3cd vith li:ero".eod 
rats of elir.iD ":.d, rt a eonstnnt rato of climb, built up rayldly 
soon after the oritlc.-.l altitude h'd tcor. ro-x'-.cd.    '."hon !• const T.t 
rnto <-.£ el lab «as maintained»  tho rent-lino preas-ro differential 
tondod to level off. 

Airerift Ei •;l«.o P-onoarch 1-birr tor;-, 
Hatlonal Advisory Sciraitteo fer Acronnutiea, 

Olovoland,   Ci-.in, Pcccubcr 19,  19U1». 
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